WHAT IS THE ROLE of innovation in productivity growth, and to what extent has a change in either the pace or the character of innovation contributed to weak productivity growth in the past fifteen years? We have collected new data on innovation that support the view that a slowing of innovation played an important part in the decline in productivity growth.
is the flow of process innovations, the higher is the rate of productivity growth. PRODUCT 
INNOVATIONS
Process innovations are not the only or even the main source of productivity enhancement for U.S. manufacturing as a whole. New products supplied to an industry from outside and new products developed within an industry also improve productivity. The most obvious example is new equipment developed by the machinery industry and supplied to another industry. For example, in the 1970s new textile equipment developed by the European and Japanese machinery industries replaced the mechanical shuttle with air or water jets and brought about dramatic productivity benefits. Such innovations will always raise labor productivity. In practice they raise multifactor productivity also, because when the stock of capital of an industry is computed, the machinery is priced in such a way that part of the innovation in the machinery-producing industry is attributed to multifactor productivity growth in the machinery-using industry.3
New products produced within an industry also enhance its productivity. In the period after a new product is introduced, productivity rises rapidly as the scale of production increases and the company moves down a learning curve. New products may also indicate new process developments. In the chemical industry, where product and process innovations are closely related, much of the R&D cost associated with a new product is spent on developing the process used to produce it.
As price indexes are now constructed by the Bureau of Labor Statistics, not all of the productivity improvement resulting from new product development is reflected in official productivity measures. Initially, a new product is excluded from the output price index. It is linked into the index once it is established. The dollar value of the production of new products is counted right away, however, so that nominal output always includes new products. In computing real output for productivity purposes, therefore, nominal output, including new-3. F. M. Scherer discusses the effect of innovation in supplying industries on productivity in using industries. See "Using Linked Patent and R&D Data to Measure Interindustry Technology Flows," in Zvi Griliches, ed., R&D, Patents and Productivity (University of Chicago Press, 1984), pp. 417-61. products, is deflated by a price index that excludes at least some of these products.
The nature of the product cycle in most industries is that old products have a standard technology and profit margins are gradually squeezed by competition. New products are typically introduced with higher margins. These high margins are then effectively counted as high real output, so that the introduction of new products increases measured productivity. On the other hand, new products usually have declining relative prices, because of the learning curve and rapid productivity gains. And until the new product is linked into the price index, the direct effect of this is missed. However, since a typical new product is just a variant of an old product, the old products do have to compete with the new products. The rapid productivity gains that occur for new products also hold down the prices of old products and, hence, reduce inflation in the industry price index even if it excludes these new products.
Without more information it is impossible to be sure of the size of the new-product bias in productivity measurement. New products do increase measured productivity, but it is likely that the increase as now measured is somewhat understated relative to a true economic measure of productivity.4
COLLECTING

THE INNOVATION DATA
In view of the complexity of the innovation process, the question is where to go to collect data on innovations and what innovations to include. Previous studies of innovation have emphasized only the big breakthroughs.' But small, incremental innovations can be equally important. A breakthrough innovation-the shuttle-less weaving machine-was available by the 1970s, but could not be used throughout the textile industry until successive generations of new machinery had been developed that both perfected the technology and adapted it to produce the great variety of fabrics that the industry makes. The new machinery developed over fifteen years or more made up a near-constant flow of equipment innovations that contributed to productivity growth.
Our decision was to collect a file of innovations for the two industries 4. Without implicating him in our conclusions, we would like to thank Jack E. Triplett, until recently at the Bureau of Labor Statistics, for a helpful conversation on this issue. selected, chemicals and textiles, using the trade periodicals that serve each.6 New products developed within the industry and supplied to the industry are both advertised and described extensively in articles in thesejournals. New processes are also noted and described, if not always advertised. Although companies frequently keep secret the details of new process technology, the existence of a process innovation and some information about its character generally are reported. We doublechecked our findings with industry engineers to learn whether our search procedure had missed significant innovations, particularly new process developments.
Gellman Research
Our research assistants were graduate students at Drexel University who had at least undergraduate training in chemical or textile engineering. We trained them in the selection criteria described below, and monitored their performance.
Although the assistants knew of the general goals of the project, no one involved had a preconceived view that innovation either had or had not slowed after 1973. In previous work, Baily had argued that factors other than innovation were responsible for the productivity slowdown.7 Chakrabarti, who supervised the data collection, is primarily interested in the management aspects of innovation and how corporate strategies towards innovation are determined.
Based on advice from chemical engineers at Drexel and in the industry, we established four categories of chemicals innovation (products, processes, equipment, and instruments) and set up criteria for judging whether a new item in fact represented something significantly new or improved. We tracked innovations originating both within and outside the industry. We judged new chemical products to be innovations if they were chemically new (that is, had new physical or structural properties), a significant modification of an existing chemical, or chemically reformed or recompounded for different applications. A new chemical process had to show changed inputs or yields or produce a new product. An equipment innovation, often incorporated into new processes, had to operate at new physico-chemical parameters or process new materials. A new instrument had to be able to measure with greater precision, in a changed environment, or over a wider range, the operation of chemical processes.
The textile innovations were similarly classified and filtered, based on advice from textile engineers at the Philadelphia College of Textiles. The industry develops a small number of process innovations for dyeing and finishing, which use process technologies similar to those in the chemical industry. The principal way in which innovations improve productivity in the textile industry is through new textile machinery. We judged new equipment to be an innovation if it showed improvements over existing equipment in such characteristics as speed of operation, ability to handle new materials, or reduced input requirements.
Instrument innovations in dyeing and finishing are also similar to those described in the chemical industry. Instruments are used, too, in spinning and weaving, where they can sense the characteristics of the fiber and control the machinery to allow more rapid operation and less breakage.
Innovations in textile material inputs, which consist of new fibers, finishes, and dyes, overlap with the chemical product innovations. Most of these inputs come from the chemical industry, although separate chemicals are frequently combined into finishes and dyes within the textile industry. Product innovations take the form of new yarns and fabrics.
Our coverage of innovations was rather comprehensive. For the period 1967-82, we found 574 process innovations and 2,773 new products in the chemical industry and 2,047 equipment innovations in textiles. Once the innovations had been collected, we asked the chemical and textile engineers to review the files, report on the completeness of our coverage, and rank the innovations by technical importance. This ranking process is still going on. We report, below, rankings on some of the more important innovation categories.
Innovation and Productivity
The chemical industry, defined as SIC 28, but excluding the drug industry (SIC 283), achieved rapid multifactor productivity (MFP) growth until 1973, when growth slowed substantially. Unadjusted for capacity utilization, it slowed even more after 1979, as shown in table 1.
If MFP is to be linked to innovation, however, it makes sense to adjust for capacity utilization changes. The rate of capacity utilization for the chemical industry has declined sufficiently over time, especially since 1979, to affect the measure of productivity. An adjusted growth rate for capital input to the industry can be constructed by multiplying the capital stock by the capacity utilization rate reported in industry-specific Federal Reserve Board series. This procedure provides a better estimate of capital services actually used. The measure of MFP growth calculated from the adjusted capital input is shown in table 1. Even with the adjusted measure, it remains true that growth slowed substantially after 1973. But, as a result of the adjustment, we now see that there was some recovery of growth in 1979-83. Excess capacity in this industry, it seems, brings about a substantial drop in productivity performance. Table 1 shows that the textile industry experienced no productivity slowdown at all after 1973. There was, in fact, some acceleration. Moreover, the capacity adjustment makes only a minor difference to the productivity numbers in textiles. One reason is that the industry had no widespread excess capacity, as reported in the FRB series. Another is that since the industry is not very capital-intensive, a given amount of excess capacity has only a small effect on multifactor productivity. We do not agree with the Commerce Department's precise statement, but the idea that there was a wave of innovations in the 1960s that did not persist in the 1970s was confirmed for us by industry experts. We therefore evaluated the process innovation data carefully to determine whether there had been changes in the quality or the character of the innovations that might alter the picture provided by the crude numerical count of innovations in table 2. Many of the process innovations in the file are not clearly productivity-enhancing. Many have an environmental 8. These figures are calculated as 100 times the difference in the natural logs of the two numbers. aim-to reduce the toxic pollution emitted by existing process technologies. Many more change the character or quality of the product. A number conserve energy. These last are productivity-enhancing, of course, but will not have a full impact on measured multifactor productivity, given that energy inputs are still valued in 1972 dollars. Table 3 gives data on the number of process innovations that can be identified as being productivity-enhancing, environment-related, or energy-related. It is striking both how few productivity-enhancing process innovations there were and how much greater their post-1973 drop-off (55 percent) was than the total decline in process innovations (18 percent).
CHEMICAL INNOVATIONS
The table shows the importance of the environmental movement and anti-pollution efforts, but does not provide evidence that they were a major cause of the post-1973 slowdown. Over the whole period, more innovations were directed towards reducing pollution than towards productivity enhancement. But there were actually more environmentrelated process innovations before 1973 than there were from 1974 to 1979.
The energy-related innovations show exactly the pattern to be expected. There were almost no innovations in this area before 1973, but several afterwards. The diversion of R&D effort towards saving energy may have contributed to the reduction of innovations that save capital and labor. 10 Our next step was to ask the chemical engineers who had advised us initially to go over the file to rank the innovations by technical impor- tance, according to whether they were radical, or major; a significant improvement; or minor, or imitative."1 As table 4 shows, the quality rankings do not change the picture much.12 The data in the table on productivity-enhancing innovations slightly weaken the case that innovation declined, for they show that the falloff in minor productivityenhancing innovations was greater than the decline in significant improvements. The falloff in radical and major innovations, however, was even larger than the decline in total productivity-enhancing innovation shown in table 3. And when all process innovations are considered, the quality ranking strengthens the case for a decline. The number of minor innovations per year actually increased in 1974-79. We also obtained quality rankings for the chemical product innovations to see whether the overall decline in product innovation shown in table 2 might simply reflect a falling off of minor changes. Table 5 indicates that this is not the case. As one would expect, the vast majority of all product innovations are fairly minor, but all three rankings showed a precipitous decline. Only one major product innovation occurred after 1973, according both to our file and to the engineer who did most of the rankings.
The Period Table 6 reports the basic data for the textile industry, defined as SIC 22. The most important component of innovation for textile productivity, new equipment, maintained continued vigor after 1973, the result of new generations of machinery that have consistently raised weaving and spinning speeds and reduced the labor required for restart.
The table does show some decline in the total number of process innovations. In the textile industry, however, in contrast to the chemical industry, when the process innovations are classified by type, as in table 7, we find no decline in the flow of productivity-enhancing process innovations. The data in tables 6 and 7, therefore, provide important support for the link between innovation and productivity performance. After 1973, the textile industry showed no slowdown either in productivity growth or in its two main production-related categories of innovation-equipment and productivity-enhancing processes.
The other innovation categories in table 6 do decline somewhat after 1973. The drop-off in instrument innovations is not of great significance. Based on historical experience, the decline in the flow of new fibers could have been expected to be more important because changes in fiber have played a major role in textile productivity in the past. But the shift from natural to man-made fibers that has been crucial to productivity growth continued rapidly throughout the 1970s and thus diminished the significance of the decline in the number of new man-made fibers after 1973. This development is discussed in more detail below.
THE RESPONSE OF INNOVATIONS TO DEMAND
Although the correlation between the patterns of productivity and innovation for the two industries is clear, the direction of causality is open to question. Jacob Schmookler has argued that innovation responds to demand rather than being driven by exogenous developments in technology.13 One might conjecture that weak demand after 1973 adversely affected both innovation and productivity.
It is true that recessions delay some new product introductions and that low investment reduces the productivity impact of process and equipment innovations. But the simple facts of the chemical and textile industries do not fit the Schmookler view. Both chemicals and textiles experienced weak demand after 1973. But one industry had low innovation and productivity growth, and the other did not. The differential experience of the two industries is not explained by demand.
Two Industry Case Studies
We now turn to more detailed case studies of the chemical and textile industries to explore more carefully whether innovation is the primary source of productivity growth; whether innovation has actually slowed and if so, why; and what other major influences there are on productivity and how they have changed. The sources of information for the case studies include in-depth interviews with personnel in major companies in both the chemical and textile industries, as well as studies prepared by others. Both industries have been studied exhaustively by economists, government agencies, and investment houses, so there is no shortage of information. Many of the secondary sources also used company interviews.
Jacob Schmookler, Invention and Economic Growth (Harvard University Press, 1966).
Clearly, a small number of interviews cannot provide a statistical sample for hypothesis testing in a formal way. In any case, these questions are probably not amenable to direct quantitative testing. Rather, the case studies will suggest answers to the questions posed.
The interviews were formalized to the following extent. Meetings were set up with both technical R&D personnel and plant managers. Notes from the interviews were written up into narrative summaries that were submitted to interviewers for comments on accuracy and completeness. 14 Although a formal questionnaire was not administered, all those surveyed were asked about innovation and productivity growth and the relationship between them over the past fifteen to twenty years. They were asked in general about reasons for any reported trends and asked specifically about the importance of such factors as energy prices, regulation, work effort, and foreign trade. innovation had run their course, and the opportunities for rapid advance in existing product lines were limited.
Monsanto achieved rapid productivity gains until 1970 primarily by building larger and larger plants. 16 By the 1970s, however, the potential for scale-related design and materials innovations had largely been exhausted.
According to staff at both companies, there is a very close link between innovation and productivity growth in the long run. In the short run, organizational and managerial changes and improvements in work practices can make a substantial difference. But even these improvements come as part of the learning curve associated with new products and processes. If a company were to fail to make innovations, productivity growth would slow and stop after a few years. The consensus at both companies was that the slowing in the pace of innovation had contributed significantly to the slowdown in productivity growth. The interview responses thus provide independent support for the quantitative results given earlier.
When asked about other causes of the productivity growth slowdown after 1973, interviewees cited slow growth in product demand as being at least as important as the slowing of innovation. In neither company was the slow growth in demand due primarily to the business cycle, although obviously the recession of 1974-75 did play a role. The two main causes cited for slow demand growth were structural-foreign trade and energy prices. The reduced number of product innovations itself also curbed demand growth.
Although the U.S. chemical industry does face direct foreign competition, the source of its trade difficulties was not its own foreign competition, but that of its customers. The textile and apparel industries, heavily affected by foreign competition in the 1970s, sharply reduced the growth rate of their purchases of chemicals, particularly synthetic fibers.17 At the same time, petrochemicals suffered from the increased 17. It should be stated for the record that Du Pont staff said that they were ready and willing to operate under a regime of free trade, provided they were free to sell fiber to whoever is producing textiles. Because of the multi-fiber agreement and various trade restrictions, they are not allowed to compete freely overseas. cost of oil and natural gas feedstocks, which raised final prices and caused a sharp reduction in demand growth.18 In both companies, the view was that the change in the trend of demand growth had an impact on their productivity for as long as ten years. Interviewees acknowledged that they had been slow to realize that the trend had changed. Because of the several-year-long planning and construction period for new chemical plants, large-scale state-ofthe-art plants, designed to achieve economies of scale and maintain or increase market share, continued to be brought on line even when company officials recognized that demand had fallen. These plants were then operated below capacity and thus very inefficiently, production worker requirements in such plants being almost independent of output levels. 19 Specialty Chemical Companies. In addition to the producers of bulk chemicals, the chemical industry features smaller specialty companies. The large diversified companies, too, have specialty chemical divisions. We interviewed employees of 3M, a company that produces a great many different chemicals, about half of which are sold internally to its other divisions. Those interviewees described 3M's experience in the 1970s as being very different from that of the large-scale producers.
The chemical operations at 3M are not very capital-intensive. A specialist in versatility, 3M is the sole source of many of its products, and in some cases it produces the entire year's output in one or two days. The equipment is then cleaned and used for another chemical. Because of the diversity of products, 3M's internal productivity numbers are of limited value, but employees judged that there had been little or no productivity slowdown after 1973. Pursuing their traditional innovation strategy of making continual product improvements or developing new products related to existing ones, they sensed no slowdown in the pace of those innovations in the 1970s. Nor did the company experience excess capacity after 1973. As demand growth slowed, 3M followed a strategy of minimizing investment expenditures and making more efficient use of their plants. We interviewed employees of two of the larger companies in the industry, as well as staff at the Philadelphia College of Textiles and the Textile Research Institute in Princeton. The latter were able to provide information about both large and small companies in the industry. Partly because many textile companies are privately owned and release little information, and partly because of political negotiations that were proceeding on textile quotas at the time of this study, the companies asked not to have their names associated with particular views. Interested readers may contact us for further information about the specific companies interviewed.
Both industry personnel and secondary sources agree that the rate of innovation and productivity growth in textiles remained strong in the 1973-79 period. Again, there is confirmation of the pattern we reported in our own data.
The industry experienced very rapid output and demand growth until the late 1960s and early 1970s, when foreign competition began to erode market growth. Textile exports were reduced, and imports of foreignmade apparel increased. The textile industry itself, however, still had a trade surplus in 1981.
Unlike the chemical industry, the textile industry adapted to the change in growth without creating persistent excess capacity. The older and less efficient plants were closed, and employment fell rapidly. One company reported that it had actually increased its capital utilization in the 1970s, moving to seven-day-a-week, three-shift operation in order to minimize investment requirements. Differences in the technology account for the ability of the textile industry to adjust to lower output growth.22 The companies do not have large capital-intensive processbased plants and do not build much ahead of demand. Textiles and chemicals also have different labor relations traditions. Textile companies do not engage in much labor hoarding.
One of the important sources of rapid and continuing productivity growth cited by interviewees-the shift from natural to man-made fibers-was not well reflected in the innovation data. The production of 22. The textile industry has high average variable costs and low fixed costs relative to the chemical industry.
textiles from natural fibers requires numerous steps before the yarn is woven. For cotton fabrics, for example, the cotton bales must first be broken up and the cotton fibers loosened and then blended. In the next step, "cording," the fibers are cleaned and formed into strands. Three more steps take place before spinning: "drawing" the fibers, "winding" the strands, and "roving," which reduces the size of the strands and winds them into fibers ready for spinning. After spinning, the yarn must still move to the "winding and warping" step before it is ready for weaving. Other developments in the industry that might have affected productivity were noted by the interviewees. Old capital became rapidly obsolete in the 1970s as new equipment was installed and old plants closed. Labor quality and work effort had no major influence on productivity trends. Increased foreign competition encouraged management to introduce more productive work practices, benefiting productivity in the past ten years. The industry has been affected by economic regulation, particularly by Occupational Safety and Health Administration requirements for a clean work environment. Regulation did not cause a particularproductivity slowdown in the 1970s, however, because the regulations in this area were introduced in the 1960s and then strengthened over time. Finally, new generations of machinery are more energy-intensive than prior machinery.
Consistency with Existing R&D Studies
We have found a striking pattern of declining innovation in the chemical industry that supports the hypothesis that the recent slowdown in trend productivity growth in U.S. manufacturing was caused to an important extent by a slowing of innovation. Our findings, however, appear to contradict empirical studies of R&D spending across firms or industries that find no reduction of the impact of R&D on productivity after 1973.24 We first examine these other studies and then explain why we find our own results more persuasive.
The empirical studies in question look at a cross section of firms or industries before and after 1973. They estimate the extent to which R&D has contributed to cross-sectional differences in either the level or the rate of growth of productivity, and they find that this contribution did not diminish significantly after 1973. For example, the study by Zvi Griliches estimates a Cobb-Douglas production function: The basic issue of interpretation is whether a decline in technological progress would necessarily show up in the coefficient y in a crosssectional regression. It is not obvious that the R&D elasticity is a function of opportunities. It is true that R&D works in conjunction with the set of such opportunities to increase knowledge and hence productivity. But capital and labor also work together to produce output. And changes in, say, labor-force quality would not necessarily affect the capital elasticity. Suppose "technology" is instead a separate factor of production. Then, since this variable has been omitted from the regressions, changes in it will be imputed to shifts in the constant, not to R&D.
The second issue of interpretation, one that reinforces the first, concerns the way a slowdown in technology might strike across firms. Consider two examples. In the first, R&D spending is completely exogenous, and the slowdown strikes randomly across firms, hitting some and not others. In the second, the slowdown strikes in the same way, but spending responds quickly to changes in opportunities. In the first example there is no statistical reason why a slowdown would disturb the relation of firm R&D stocks to productivity. In the second example, one would expect that the firms that were hit by a slowdown would cut the amount of their R&D spending, while those in which prospects remained good would maintain spending. The total quantity of R&D spending would fall, but not necessarily the return to R&D.25
The results from the R&D studies are certainly at odds with our evidence that technological opportunities have declined. At this point, however, there is no established market model that determines how R&D spending responds to a slowdown, and no established slowdown model that indicates how the slowdown hits across firms or industries. Without these models, we prefer to accept the direct evidence of the innovation data. 
An Overall Assessment
It has been known for over twenty years that much of the observed increase in labor productivity growth over time was attributable directly to technical change, rather than to capital accumulation. Thus when growth slowed, it was natural to expect that a slowing of technical change was part of the reason. The evidence of this paper supports that view. Case studies of two major industries find a clear relation between their innovation and productivity patterns.
While we recognize the importance of looking at more industries to confirm the pattern, the evidence so far suggests that the productivity slowdown in U.S. manufacturing was caused by a combination of two basic forces. Innovation slowed down, and slow output growth caused resource underutilization in capital-intensive process industries.
Innovation slowed because of the exhaustion of technological opportunities that had opened up after World War II, but it did not slacken equally in all industries. The slowdown had more severe productivity consequences in capital-intensive industries, where innovative processes often involve larger scale production. The technical limits of this approach to cost reduction were being reached by the end of the 1960s and sometimes even earlier, as in electricity generation. The plateau in technology may not be permanent. The chemical industry, for example, looks to biotechnology to provide a new wave of innovations in the 1990s.
The slowdown in output growth occurred partly because of the business cycle, but largely because of the kinds of structural shocks-in particular, growing foreign competition and higher energy prices-often cited in work on productivity. Figure 1 illustrates a plausible slowdown scenario, combining the effects of slowing innovation and low utilization rates of plants. Ushaped cost curves are shown for successive generations of technology. The slowing of innovation is illustrated by the fact that the productivity increment in moving from the "first" to the "second" generation is greater than that in moving from the "second" to the "third." The cost reduction A to B is greater than that B to C. Actual productivity performance is worse, however, because the third-generation capital is The hypothesis that capital obsolescence is responsible for diminishing productivity growth, put forward in earlier work by Baily, receives little support from the cases studied in this paper, but the cases do illuminate some of the puzzles and patterns uncovered in that earlier work. Inefficient use of large-scale plants does imply a decline in capital services, one that shows up most in the capital-intensive process industries. Chronic underuse in the 1970s could also help explain the decline in the return to capital and its market value.
In future work we plan to study innovation and productivity in a major service industry. The big area of continued or accelerated innovation in the 1970s has been electronics. Apparently, the productivity benefits of computerizing white-collar activities have not been enough to offset the slowing of innovation in mature manufacturing industries. We hope to find out why.
Comments and Discussion
Richard C. Levin: It may seem surprising that it is still possible to make a useful contribution to understanding the productivity growth slowdown of the 1970s, but Martin Neil Baily and Alok Chakrabarti have done so. Unsatisfied that a full accounting can be rendered from the familiar lineup of suspects-energy price shocks, adjustment costs, depressed aggregate demand, inflation, and regulation-Baily and Chakrabarti have pressed on to examine whether the decline in productivity growth is at least in part attributable to a decline in the rate of innovation. Since, in their very labor-intensive efforts, they have looked at only two industries and found different answers in each, we can rest assured that the issue will remain unresolved for some time to come.
Baily and Chakrabarti are very much on the mark when they conclude that technological innovation may have declined despite the econometric evidence showing no perceptible decline in the rate of return to R&D or, alternatively, in the elasticity of output with respect to the stock of accumulated knowledge. When interindustry or intertemporal variations in technological opportunity-one important factor determining innovation-are not explicitly incorporated in the specification of a productivity growth equation, the estimated coefficient on R&D can remain constant or even rise in the face of decreased technological opportunity.
The authors thus proceed to inquire whether the rate of technological innovation did in fact diminish in two industries: chemicals and textiles. The realized rate of innovation depends not only on the underlying opportunities for technical advance, but on many of the economic factors commonly invoked in explaining the productivity growth slowdown. There is a demand for new products and new processes as well as a supply. Thus, a finding that the rate of innovation has declined in a 633 particular industry does not necessarily imply that the pool of technological opportunities has been depleted.
One has to applaud the authors for their painstaking efforts in developing several time series on innovations from articles in the trade periodicals of the two industries. But, for obvious reasons, such data can be misleading if not used carefully. All innovations are not alike. As analysis of patent data show, the distribution of innovations by economic value is highly skewed. Indeed, the vast majority of patents turn out to be worthless. Baily and Chakrabarti recognize the problem and attempt to resolve it by having experts rate the quality of innovations. Unfortunately, they report time series results using the quality-adjusted data for only one of the several categories of innovations they study (chemical processes). We should be wary of accepting conclusions about the other categories of innovation unless they are shown to hold for the subset of innovationsjudged to be at least significant improvements in technology.
Little that I know about the two industries studied gives me cause to quarrel with the specific findings of the authors' innovation counts and case studies. Our principal interests were to identify and measure interindustry differences in the ability of firms to appropriate returns from new technology, and to characterize interindustry differences in the nature and extent of technological opportunities. Several of our questions are closely related to the focus of the Baily-Chakrabarti inquiry. Although we did not ask explicitly whether either technological opportunities or the rate of innovation declined or increased during the 1980s, we did ask respondents to assess whether the rate of introduction of new products and new processes since 1970 has been slow or rapid. We also asked whether the technological opportunities for introducing new products and processes are more or less favorable in the coming decade than they were in the 1970s.
We worked at a more disaggregated level of industry detail than did Baily and Chakrabarti. Thus, we have distinct measures for a considerable number of chemical industries, including building-block industries (inorganic and organic chemicals), intermediate products (plastic materials, synthetic fibers, and synthetic rubber), and more specialized final products (fertilizers and pesticides). Unfortunately, we have no data on the textile manufacturing industry, though we do have responses from material suppliers (synthetic fibers) and equipment suppliers (textile machinery). Table 1 presents some illustrative data. The data are industry mean responses to questions scored on a seven-point Likert scale: for innovation rates, the scale ranges from one, or very slow, to seven, or very rapid; for future opportunities compared with recent performance, the range is from one, or much worse, to seven, or much better.
The answers to our first pair of questions provide some support for the findings of Baily and Chakrabarti, although the reported innovation rates since 1970 must be compared cross-sectionally rather than with each industry's previous experience. In the basic chemical industries, respondents reported that the rate of product innovation since 1970 has been substantially slower than the average across all manufacturing industries. New process introductions have been less frequent than average in inorganic chemicals, though about average in organic chemicals. The rate of product innovation in synthetic fibers has been a bit better, but still below average. On the other hand, confirming Baily and Chakrabarti' s conclusion that performance was better in specialty chemicals, we found a relatively rapid rate of product innovation in pesticides. And we also found support for the conclusions that the pace of textile machinery innovation may not have slackened, since the innovation rate in this industry was reported to have been better than average.
Another way to compare performance across industries is to sort the responses from the same 130 industries into quintiles. From this perspective, the pesticide industry falls into the highest quintile in the rate of product innovation. Textile machinery is in the second quintile, synthetic fibers is in the third, and organic and inorganic chemicals fall into the fourth and fifth quintiles, respectively. In their conclusion, Baily and Chakrabarti imply that the source of productivity slowdown in other materials processing industries was similar to that of chemicals. It is certainly a reasonable conjecture that these capital-and energy-intensive sectors were particularly hard hit by increased energy prices and that they were particularly ill-suited to respond flexibly to decreased demand. It also turns out that their innovation experience since 1970 has paralleled that of the basic chemical industries. Primary aluminum, copper, lead, zinc, gypsum, cement, and petroleum refining all rank in the bottom quintile in the reported rate of product innovation. Steel is one quintile higher. And all these industries except petroleum and cement rank in the bottom two quintiles in the rate of process innovation. Table 1 also summarizes the impressions of R&D executives concerning the opportunities for continued technical advance. Technology forecasts, even by experts, should not be taken very seriously as predictions, but these data might be regarded as useful measures of interindustry differences in the degree of optimism about technological prospects. It is encouraging that across the spectrum of manufacturing industries, the average opinion is relatively optimistic. About two-thirds of our respondents rated the prospects for future product innovation as better than the opportunities available during the 1970s. Only 11 percent regarded future prospects as worse. Opinions concerning the opportunities for process innovation were only slightly less optimistic.
In the chemical industries, however, increased opportunities for innovation are not expected. This is somewhat surprising, given the potential application of biotechnology to chemical manufacturing processes, although respondents in the drug industry do expect increased opportunities. Elsewhere, materials processing industries generally do not foresee much improvement in technological opportunities, and some of the strong performers of the 1970s, notably semiconductors and communications equipment, have only an average degree of optimism. Optimism about future opportunities is strongest in two sectors: computers and instruments of all types.
General Discussion
William Nordhaus cited disaggregated survey work of the kind reported by Martin Baily and Alok Chakrabarti as an important step in sorting out the role that declining innovation may have played in the productivity slowdown. He characterized much previous work in this area as linking research inputs (R&D spending) to productivity growth rates, without paying a great deal of attention to the black box between the two, and applauded the present work as an effort to look inside the black box. Nordhaus noted that Jacob Schmookler had put forth the view that innovation is driven by demand rather than being determined exogenously. Richard Levin added that two recent studies, one by Vivian Walsh and one by John Beggs, have called the Schmookler view into question. Neither of these recent studies found clear evidence that swings in the number of patents granted tracked swings in product demand. Instead, both studies supported the view that major innovations cause growth in demand for the products produced using the innovation, which in turn spawns a large number of patents representing follow-up improvements to the original innovation. Baily agreed that demand conditions may affect the pace of innovation; as an example, he mentioned that in the company interviews conducted for their study, he and Chakrabarti were told about one or two product innovations that were not introduced in 1975 because of weak demand. However, the major reason for the slowdown in the rate of innovation, according to those interviewed, was the shortage of technological opportunities.
George von Furstenberg suggested that one important difference between the textile industry and the chemical industry is that the textile industry is composed of many small firms, while the chemical industry is much more concentrated. One implication would seem to be that technological opportunities are largely given from the point of view of the individual textile firm, whereas they are apt to be endogenous from the point of view of the individual chemical firm. Von Furstenberg also suggested that the availability of licensing arrangements may have an important effect on the course of innovation. Levin noted that his own research suggests that the appropriability of returns from innovation does have a strong effect on the volume of innovation, though his results bear more on cross-industry differences in the volume of innovation than on the time series pattern of innovation.
Christopher Nordhaus noted that the value of innovations tends to be highly skewed; research done by Michael Scherer during the mid-1960s on the value of patents showed that only a few patents turned out to be very valuable. Just counting innovations may not adequately capture what has happened to innovative activity over time. Baily agreed with this observation, but noted that when the main categories of innovation in chemicals were classified by importance and by type, the evidence of declining innovation after 1973 remained strong.
James Duesenberry noted that there may be substantial lags between the introduction of an innovation and its eventual adoption by the majority of producers in an industry. Linking current innovation to current productivity growth, therefore, may be misleading; instead, one might expect a link between lagged innovation and current productivity growth. Baily responded that the data on innovation presented in the paper are probably best thought of as capturing the diffusion of major innovations. One good example is the introduction of air-jet and waterjet looms in the textile industry. These looms were first invented in the late 1960s; however, successive generations of innovations were needed to adapt them to production of various different fabrics. These later innovations are the ones being picked up in the Baily-Chakrabarti data for the 1970s.
Mitchell asked whether the pattern of productivity growth would look different if BLS volume of output measures were used in place of the gross domestic product data that appear in table 1. Baily stated his belief that the basic pattern would look similar with BLS data and commented that each of the available sources of productivity data has its strengths and weaknesses. The BLS data avoid problems related to the choice of an output price deflator; however, by using a gross production measure of output, these data ignore trends in the purchases of material inputs and services.
